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INDEPENDENCE OF DIMENSIONS IN MULTIDIMENSIONAL SCALING

Karl Wender

Technische Hochschule Darmstadt

Abstract -

Models for multidimensional scaling use metric spaces
with additive difference metrics. Two important properties
of additive difference metrics are decomposability and

intradimensional subtractivity. A prediction is derived

from these properties and tested experimentally. Rectangles

varying in area and shape served as stimuli. Dissimilarity
_judgments were obtained by bhoth rating and pair comparison:
procedures. The assumptions of the model are violated by
most of the Ss. Apparently this viclation is due to an

interaction between the two dimensions.
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INDEPENDENCE OF DIMENSIONS IN MULTIDIMENSIONAL SCALING

" Karl Wender

Téchnischﬁ Hochschule Darmstadt -

In recent years models for multidimensional scaling
have been advanced in several ways. One of the major con-
~tributions is that of Beals and Krantz (i967), Beals, Krantz,
and TVerskf (1968), and Tversky and Krantz (1969), who in-
troduced a system of axiéms for ordinal multidimensional
scaling and proved appropriate representation and uniqueness -
- theorems. In particular these axioms show how restrictive
. the assumptions are on which commonly used multidimensional
scaling procedﬁres'are based. Not all of the axioms are
testable in the sense of Pfanzagl (1968, p. 108). But at
1east 'some of them allow one to de51gn an experiment which
“eventually may shQW-that'the axiom does not hold under par~
ticular circumstances. |

So far there are few empirical investigations of the
éxioms.'The'only published study known to the present author
ié that of Tversky and Krantz -(1969) who tested predictions
derived from the axioms for interdimensional additivity.
Using schematié faces as stimuli Tversky and Krantz infer;ed
from their data that interdimensional additivity might well
. be satisfied but as they noted this conclusion is valid only
: for their type of stimuli and configuration. In fact the

- study involved only very few stimuli presented in a special,

"'-‘regular conflguratlon. Thls configuration may have biased
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. their results toward not violating the assumptionms.

‘The present study investigates a similar property of
the model using diffqrent"stimuli and a different con-
figuration. Furfhérmdfé, the hypothesis being tested is

" that with'thé'same'kind of stimuli but different confi-
gurations the model might be violated in different ways

due to contékt'effédts;:

Metric spaces commonly in use with multidimensional
scaling procedures are characterized by additive segments -
1;and.additive'difference;metrics, This paper is concerned
‘with a special propérty of additive difference metrics.
Beals, Krantz, and Tversky (1968) write the goneral

model of additivé"&iffefence metrics in the following way S

R

(1); Cd(x,y) =F(E' e (|X; - Y;1))
: i 1

d(x,y) is the-subjeéfive difference between two stimuli x -
and Y. Thé'xi ﬂnd yi»are'their values on the '"'relevant"”
physical dimensions. X; = £ (x;) and Y, = £, (y;) are the
‘coordinates of the corresponding points in subjective '
space) The"fi are real valued functions, sometimes called
psychophysical functions. The essence of the models lies'
-in'thfee’prbpertiéSr'(ll decomposability; (2) inter=-

dimensiona; additivity; and (3); intradimensional sub=~ '

“tractivity. Decomposability requires that there be no
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'“r'by the fact that the arguments of the & functions for

4"_each i belong to the same i'th dimension. Intradimensional
L value of the dlfference between the corresponding coordlnates
'1-contr1but10ns are comblned by addition after some monotone'

"'t the dlstance between the p01nts.

X ='u.; Vs

“5;jgin‘the~following experiment.

3

@”jlnteractlon between the dlmen51ons of the subgectlve
<space i.e. the dlmenslons contrlbute independently to

tfthe overall dlstance. In equatlon (1) this is expressed

. subtract1V1ty speC1f1es that ‘on. each dimension the absolute

: is computed. To satlsfy 1nterd1men51onal additivity these

Trf;transformatlon ¢ . A further monotone transformation F glves

The present paper 1s primarily concerned W1Lh decom-ﬁ{
B posablllty and subtract1v1ty. The general model for these -

' properties maY;be'ertten as.

(2)'-‘-'_ " d(x,y) 2 F(@ {x -Y14),-~-, 2, (1X,-Y l))

"”where all symbols are deflned as before except F Wthh 1s~1,

now a functlon of n varlables.

From'equation"(Z} follows immediately: If x, y, u, v

are stimuli with"xi ="yi; uy 'Vi for some i and with

J J J éivj for j = '1,..., n, j # i; then: d(x,y) =

¢(u,v). This property of the model is the one being teStedhn

In an unpubllshed experlment the present author found

that a mu1t1d1men510na1 scallng study using-the complete'm
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method-of triada~fTofgér§on;-1958) with rectangles vary-
ing in- shape and area resulted in an apparent ‘interaction

"between these two dlmen51ons. That is, tubjective dissi-
milarities whlch should be due only to differences in area
seemed to_depan&'alsO'on differences in shape. This is a
violation of de;bmpasability; Furthermore, the data

© suggested that,dissimilarityﬂSudgments in some region of fhe“f
space might be ‘influenced by the degree to which this region

' is represented in the set of stimuli used throughout the ex= '

lperiment; If one Tegion in the space is represented by re-

’ iafive many_stimuli,'Ss;may réspond to them by making larger
dissimilaritf juaéments as compared with judgments about -
'stimuli'fromileQS'weil‘repreSented regions. Somewhat similar
results_have'been fouhd in unidimensional scaling, e.g.
Stevens, 1959. 1nce tne study mentioned ahove was conducted

- for a dlfferent nurpose the present experiment ‘is deslgned g

to 1nvest1gate thls hypothe51s more accurately.

© Method
The stimuli used were rectangles varying in area and
.shape.'Shape wasfdefine& as the ratio of height to width.
As shawn'in-figu:e 1ﬂthree‘sets of stimuli were prepared. .
'.'Ihseft;figure‘1;about here
‘Stimuli 1;thfough”i0_Were common to all three sets {a),ﬁyj”

(b), end (c). Sets (b) and (¢) contained additional stimuli, -
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"which were more’iiké:équares*in set (b) and more elongated

in set (c).

Thé'rectangrestefe.tut'from heavy white paper,‘phdto-;_'”
'~ graphed, and shduﬁ by a slide projector. They appeared as

dark figures on afbrighf'backgpound.

Tvio types of d15$1m11ar1ty Judgments were obtained:
ratlng scale Judgments and pair comparisons. In the rating
scale experiment two stimuli at a time were shown and Ss
were asked to jque‘thé.bverali difference on a rating scale =
running from O for "néjdiffefence“ to 8 for "very large

"difference. Théjfolloﬁing pairs of stimuli were prepared

for display.

set (@i (1,6), (257X, (558), (4,9), (5510)

| sgt'(b}: same'aSEfér*té):p;us (11512}, (15,183,
| h (19~20),5(23 241;: -

- set (c): same as for (a) plus (13 14), (17,18),
(e, 22), (zs 26)

The two rnctangles of each pair appeared on the slides -
in upright position with their mldp01nts at the same height -
- and separated by a distance which was about 3 times their
width. Bach stlmulus palr was thotographed 6 times; 3 ‘times
each in reversed 1eft-‘1ght position. This gave 30 slides -
'for_eXperimeﬁtg(a)'and 5¢'s1ides for experiments (b) and (¢).

The slides were presented in random sequence.



Each of the experiments began with 30 training trials

for which data were excluded from the anaiysiz. During the

A

~
S

experiments proper each slide was judged twice by =11

resulting in 12 -judgments on each stimulus pair by each .

For the pair comparison experiment the szme ztimulus

- pairs were used as above but now all possible paivs of

pairs were presented. THe'slides showed 4 ‘stimuli: one paiy
on the left side and one on the right side separated by 2
dark line.’ fhe'Ss had to judge which of the two pairs showed

the larger overall difference. °

For experiment (d) all 10 possible combinations of pairs
from set (a) were photographed 6 times, left-right poziticn
counterbalanced. The 60 slides were presented in rvandom
sequence and judged twice so that again 12 judgmenis on each
" stimulus combination were-Obtained. Sets (e} and (Ff) were
made from sets (b) and (c) respectively. From the 9 pzirs
36 quadruples were photographed twice, left-right position
. counterbalanced. This series of 72 sslides was judged & times
by each'S; feSulting in 12 judgments on all stimulus combina=’

tions. .

The Ss were 11 non-psycholegy students who were paid
for their participation. Each S was given all sets (a)
through (e) in individual sessions. The sessions for set (a)
through (d) took 30 to 45 minutes. Experiments (&) and (£)

were divided into three parts, each of which tock the same '
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Vtime; Each S had a total of 10 sessions on 10 different -
days, each session starting with 30 training irials. Slide
presentation was controlled by an electronic timing de-
~vice. Slides were shown by a slide projector for 8 seconds
during which time the Ss responded by pressing a button.

The judgments were punched on a paper tape.

Results

The data were analysed separately for each S. Only
those stimulus pairs which were common to all six sub= .
experiments were included in the analysis, i.e. the pairs

'(1,6) through (5,10).

Individual data for the rating scale expériment'con-i
sisted of a 5 by 12 matrix with integers between O and 8
as entries. If equation (2) holds the rowmeahs should vary
only due to random fluctuations. To test equation (2) the
Kruskal Wallis H statistic was computed since brdina1
mnltidimensiénal'scaling requires only ordiﬁal scale data.
In table 1 the resulting x? values for each S are given
'together with the arithmetic means of the difference JudgmentS"
for each of the stlmulus pairs: All x? values exceedlng
15;3'(1nd1cated by an asterlsk) are 51gn1f1cantfat'thef
.01 level. |

Insert table 1 about here‘“



In the pair comparison experiment each'elide'shewed one
pair of stimuli.that'looked more like squares, the other
pair being reIativel& slender. If a S chose the pair con-'
sisting of the thinner rectangies as having the larger over=- .
all difference this judgment_waslscored "1",:and "0" other-"
“wise.. Thus the'data fer each S consist of a 5 by 5 pair com=- =
parison matrix with the main diagonal left empty. The entries -
of the matrix show how often the thinner pair was chosen ovef”
the more square one. The sum of the ‘elements in this matrix
was used to test the model. The sum equals 120 if a S chooses -
the thinner pair on every trial and it becomes O if a §
always chooses the more square rectangles. Under the hypo-
‘thesis that § has a preference'probability of .5 for the more
square stimuli the sum should follow a binomial distribution

with a mean of 60.

Under this assumption the sum of the matrix‘elementS‘-‘
lies between 45 and 75 with probability..99. If it reaches
or exceeds these boundaries the hypothesis is rejected at -

the .01 level of significance.

‘To show the trend of a possible violation it was deter-
mihed for eath‘pair how often it ﬁas chosen over any other 
pair. These values together with the ‘sums of the palr com=".
parlson matrices’ are glven in table 2.

Insert ‘table 2 about here o

LI
,--—-----'------.'




Discussion

On the basis of the rating scale data the multi-
dimensional scaling model is to be rejected for about half
the Ss.” Almost all Ss violated the model in the pair com~ -~
parison experiment. Thé'differente‘between the rating scale'.
and the pair cdmpafison data may be due to some methodologi="
cal artifact. For example, the rating scale data may contain:

"a larger amount of error.

As is shown in tables 1 and 2 most of the Ss jjudge the
overal difference to be'lgfger‘for thin rectangles and to
be smallier. for squares;‘Furthermore, there is no systematic
difference between the subexperiments. Thus the hypothesis -
regarding context effects is not supported. For most Ss the -
&ata appear very consistent. For some Ss all 120 judgments -
of the pair comparison eXperiment'are in the same direction.
In a very few céses judgménts vary in.an irregular manner, .. -
e.g. difference judgments being small for squares and thin

rectangles and being larger for rectangles in between.

The main result of this study is that the prediction

- derived from decbmposability and intradimensional sub=-

tractivity are violated by most of the Ss. Of course it
is.possib1e that the violation of the model was caused
-by the'épedial selection of stimuli and by the fact that
" not all p0551b1e palrs were presented throughout the ex-'

'perlment Most probably Ss’ wvre ‘aware of this and accord1ng-f
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~ 1y, some response bias may have been introduced. Un~- '
fortunately, there is no way'to contfoi response bias in
these types of scaling methods, and the multidimensional.
scaling model might‘hdld_for'the'same'type'of.stiﬁuli in

different experimental conditions.

Though there remains the puzzling result that the
multidimensional scaling model was viclated by stimuli as -
simple as rectangles varying in area and shape we cannot -
conclude that this will be the case when the model is appligd g
to more complex stimuli. The stimuli used here are of the -
| kind called analyzabIe_by Shepard (1964). As suggested by
TdrgerSon3(1965)1multidimensional scaling models might be -

more appropriate for unitary stimuli.

It is possible, ét‘least'in principle, that the model
'may be satisfied with the same stimuli but with physical
Variaﬁles other than area and shape. Two obvious alternatives
are height and width of réctangles; The unﬁublished study
mentioned'above,’howeVer, suggested that area and shape are =

the more Televant dimensions.

After this failure to confirm the model of multidimen=-
sional scaling two alternatives remain. One is to compleﬁely>
reject the modeIIand the other is to modify it. One modifica-
tion that comes to mind is to redefine the psychophysical
functions to include'interactions between'the'dimensions;l
" But from the p01nt of V1ew of ‘economy such a compllcatlon

of the model seems to be unde51rab1e.
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Table 2 -

Number of Times Each Stimulus Pair Was
Preferred. to Any Other Pair and Sums of
' the Pair Comparison Matrices '

~ Subject © - Stimulus Pair .

1,6 2,7'3,8 4,9 5,10

Set (d) - ¢

1 o 14 24 - 34 :48 118 =%
2 - 34 28 20 19197 43 e
3 45 © 26 - 22 - 17+ 1o 25 %
4" 1+ 12 25: 34 A8 118 2= -
5. 3711 25: 347, 47+« 116 %
6 47 - 24 19 1700 137 29 %
70 34° 29: 24 .18 > 15: 41 =
8 o 12 24 36 --48 120 % -
9 718 250 31 -.°39"° 97 =
10 44 33 22 9 12 23 %
. 11 28 21t 20 26 25 59
Set (e) E
-1 o 12 24 36 " 48 120 =
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3 18 32+ 32 22 - 16 52
4 o 17+ 26 36 41 1lo %
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6 21 - 18 22 - 33 26 73
7. 1o 19° 27 29° 35: 87 x
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INDEPENDENCE OF DIMENSIONS IN MULTIDIMENSIONAL SCALING

Karl Wender

Technische Hochschule Darmstadt

Abstract

Models for multidimensional scaling use metric spaces
withfa&ditive'difference metrics. Two important properties
.of additive difference metrics are decomposability and
intradimensional subtractivity. A prediction is derived
from these properties and tested experimentally. ReCtangles
varying in area and shape served as stimuli. Dissimilarity
_judgments were obtained by both rating and pair comparison-
procedures. The assumptions of the model are violated by
most of the Ss. Apparently this violation is due to an

interaction between the two dimensions.
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INDEPENDENCE OF DIMENSIONS IN MULTIDIMENSIONAL SCALING
R-Kérl Weﬁder
_ Technische Hochschule Darmstadt -

In recent years models for multidimensional scaling

have been advanced,in'seVeral ways. One of the major con-

~tributions is that "of Beals and Krantz -(1567), Beals, Krantz,-  -

and Tversky (1968), and Tversk; and Krantz (1969), who in-
troduced a system of axioms for ordinial multidimensional
staling and proved*éppropriate representation and uniqueness -
- theorems. In particular these axioms show how restrictive

. the assumptions are 'on which ‘commonly used multidimensional
scaling procedures are based. Not all of the axioms are
testable in the'sense of Pfanzagl (1968, p. 108). But at
least some of them allow one to design an experiment which
“eventually may shov that the axiom does mot hold under par- "

' tlcular circumstances.

So fa: there are few empirical investigations of the
éxioms;'The'onl& published study known to the present author
ié that of Tversky and Krantz -(1967) who tested predictions
derived from thé.axiomS‘for interdimensional additivity.
Using schematié faces as stimuli Tversky and Krantz -inferred

from their data that interdimensional additivity might well

.. be satisfied but as they noted this conclusion is valid only

~ for their type of stimuli and configuration. In fact the

~ study 1nvolved only very fevi stimuli presented in a special,

. regular conrlgufacion. ThlS conflguratlon may have biased
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”t_rthéir results tdﬁaxd n§t viplating the assumptions.~k
‘The present study investigates a similar property of

the model using difféfent"stimuli and a different con-

figuration. Furfﬁérﬁdfb, the hypothesis being tested is

" that with the same kind of stimuli but different confi-

k gurations the hodel’ﬁight'be violated in different ways -

due to contékt'effédts;:

Metric spaces commonly in use with multidimensioral

scaling procedures are characterized by additive segments -

”.f and additive &ifferencelﬁetrics, This paper is concerned

. .with a special propefty of additive difference metrics.

Beals, Krantz, and Tversky (1968) write the general

model of additivé,ﬁiffefence metrics in the following way -

&(x,y) is the‘subﬁeéfive difference between two stimuli x -
and y. The x; ané yi:are'their values on the "relevant"
physical dimeﬁsiﬁns. X; ='fi(xi) and Y, ='fi(yi) are the
“coordinates of the corresponding points in subjective '
'space;'Thé‘fi are real valued functions, sometimes called
psychophysical functions. The essence of the models lies -
*iﬁ'three pr6pertiésf“(1);decbmposability; (2) inter="
'dimensional additivity; aﬁd (3); intradimensional sub="

- tractivity. Decomposability requires that there be no




15dthe overall d1 uanoe. In equatlon (1) this is expressed

“}”by the fact thatuthe arguments of the & functions fir

‘f;each i belong to.the same 1'th dimension. Intradlmenslonal

"fﬂlsubtract1v1ty spec1f1es that on each dimension the absolute

s value of the dlfference between the correspondlng coord1nates

lﬁf1s computed. To satlsfy 1nterd1men510nal add1t1V1ty these

"'contrlbut1ons are conblned by addition after some monotone
;;transformatlon o,. A further monotone transformat1on F g1vest

7i the d1stance between the polnts.

The pres.nt paper 1s primarily concerned w1th decom-.;'

e vy

' posablllty and subtract1v1ty. The general model for these

e propertles may be wr1tten as

(Zl.uf‘ | d(x,y) = F(<b (|x b FEPEERTIIL (lxn'Ynl))

»;Lwhere all. symbols are deflned as before except F Wthh is

now a functxonaof n_varlables.

From.equation"(Z}'follows immediately: If x, ¥y, u, v

R

are stimuli with’x; ="y;5 u; = vy for some i and with

X; ='uj; yj = vJ "for j = 1,0e., n, j # i; then: d(x,y)‘=
d(u, v) This property of the model is the one being tested:t

-in the following experiment.

":vln'an unpublished'eXperiment the present author found}

" that a multidimemsional scaling study using the complete



P TR L L
s T
. vt ’_"‘ 2o e

'methdd5of tria&s“deréerseﬂ;f1958) with rectangles vary='

" ing ‘in- shape and area resulted in an apparent ‘interaction

' between these two dlmenslons. That is, subjective dissi-

“milarities whlchishould be due only to differences in area

seemed to depend also on differences in shape. This is a

~violation of deebmposability;_Furthermore; the data

‘,suggested'that_dissimilarity_judgments in some region of the .

space might]be'ihflheneediby the degree to which this region - ..

’is'represented,in the.set of stimuli used throughout . the ex~ '

'periment; If one region in thé space is represented by re-

: iative many stimuli;‘Ss-may'respond to them by making 1arger}

. d1551m11ar1ty Judgments as compared with judgments about -

stimuli from 1ess we11 represented regions. Somewhat similar =

results.have been_found in unidimensional scaling, e.g.

‘Stevens, 1959. Sinee the'study mentioned above was conducted

;'i{fcr a dlfferent purpose the prtsent experiment ‘is deslgned

 to rnvestlgate thls hypothesls more accurately.

“Methdd - ,

The st1mu11 used were rectangles varying in area and

; shape. Shape was deflned as the ratio of height' to width. .0

" As shown in flgure 1 three sets of stimuli were prepared.l;}‘_ssﬁ,,

Insert flgure T about here'

St1mu11 1 through 10 Were common to all three sets (a);wif“

(b), and (c) Sets (b) and (c) contained add1t10na1 stlmull,;‘




"which were mdre’iikéhsdﬁaresrin set (b) and more'elongated'p'_f-:

in sef'(c),.

The rectangles Were cut from heavy white paper, nhoto-fp}"
S graphed and ahown by a sllde projector. They appeared as T

dark flgures on a brlght background.

Two types oﬁ?dissimiiarity judgments were obtained:
rating scale judg;enfs;and pair comparisons. In the rating . .
scale'eXperimenfftWOasfimuli at'a time were shown and Ss
were asked to Judge the overall difference on a rating scale;“
-running from O for "no dlfference" to 8 for '"very large '

'dlfference". The folloW1ng pairs of stimuli were prepared _J'“"i.

for dlsplay.

set (a): (1, 6), (z 7), (3 OR 4,9y, (5,10) |
l’set (b).»same as - for (a) plus (11 12), (15,16), = ",'V,e o
| " (19,20) ;- (zs 24),-,., R
. set (c)' same as for (a) plus (13,14}, (17,18),
(21,22),‘(25 26) '

The two rectangles of each pair appeared on the slides
| in uprlght position with their m1dp01nts at the same height
: and separated by a dlstance which was about 3 times their

width. Bach stimulus pair was photOgraphed 6 times; 3 times
-.each in reversed 1eft-r1ght position. This gave 30 slides -
. for_experlment,(a) and 54 'slides for experiments (b) and (c)..ff'

The slides were presented in random sequence.
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Each of the experiments began with 30 training twrials
for which data were excluded from the analysis. During the
eXperiménts proper each slide was judged twice Ly 211 Ss

resulting in 12 -judgments on each stimulus pair b euwuch S,

For the pair comparison experiment the same stimulus

- pairs were used as above but now all possible pairs of

pairs were presented. Tﬂe'slides showed 4 'stinuli: one pair
on the left side and one on the right side'sepafated by a
dark'lineQ’fHe'Ss had to judge which of the two pairs showed

the larger overall difference. :

For experiment (d) all 10 possible combinations of pairS“
from set (a) were photographed 6 times, left~right positiocn
counterhalanced. The 60 slides were presented in random |
sequence and judged twice so that again 12 judgments on each
" stimulus combination were'bbtained. Sets (e) and (f) were
made from sets (b) and (c) respectively. From the 9 pairs
36 quadruplesfwere.phdtographéd twice, left-right position
. counterbalanced. This series of 72 slides was judged 6 times
by each'S; fesulting in 12 -judgments on all stimulus combina= "

tions. .

The Ss wéré'1T non-psychology students who were paid
for their participation. Bach S was given all sets (a)
through'(é}'in individual sessions. The sessions for set (a)
through (d) took 30 to 45 minutes. Experiments () and (£)

were divided into three parts, each of which took the same




Utime.'Each'S had a total of 10 sessions on 10 different"
days, each session starting with 30 training trials. Slidef
preséﬁtation was controlled by an electronic timing de-
~vice. Slides were shown by'a slide projecter for 8 seconds
during which time the Ss responded‘ﬁy pressing a button.

The judgments were punched on a paper tape.
Results

The data were analysed separately for each S. Only
those stimulus pairs which were common to all six sub=- .
experiments were included in the analysis, i.e. the pairs -

"(1,6) through (5,10).

- Individual data for the rating scale expériment'COn-l
sisted of a 5 by 12 matrix with integers between O and 8
. as entries. If equation (2) holds the rowmeans should vary
only due to randombfluctuationsu To test equation (2) the
 Kruska1 Wallis H statistic was compﬁted sincelordinal
multidimensibnal‘scaling requires only ordiﬁal scale data.
In table 1 the resulting x? values for each S are given
together with the arithwetic means of the difference JudgmentS'
for each of the stlmulus pairs: All x? values exceedlng
15,3 (indicated by an asterisk) are 51gn1f1cant at'thef

.01 level.

Inégft table 1 about here =

i ce v . . . . Lot
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In the pair compariSOn eXperimeﬁt each slide showed one
pair of §timuli.that'loqked more like squares, the other
pair being reIativer slender. If a S chose the pair zon-'
- sisting of the thinner rectangles as having the larger over=
all difference this judgment_was.score& "1“,:and'"0" other= "
wise. Thus the‘data for eech'S‘censist'Of a 5 by 5 pair com- .
parisen matrix with the main diagonal left. empty. The entries -
of the matrix show hdw'often‘the"thinner pair was chosen over.

the more square one. The sum of the elements in this matrix

was used to test the model. The sum equals 120 if a S chdoses'ﬁi'

the thinner pair on every trial and it becomes O if a §

always chooses the more square reetengles.‘Under the hypo-
thesiS“that'S hes a preference probability of .5 for the more
square stimuli the sum should follow a binomial distribution

with a mean of 60.

Under this assumption the sum of the matrix elements -
lies between 45 and 75 with probability..99. If it reaches -
or exceeds these boundaries the hypothesis is.rejeEted at -

the .01 level of significance.’

To show the trend. of a possible violation it was deter~ °
mined for eath'pair hdw'often -t was chosen over any other
pair. These values together with the sums of the palr com-'

parlson matrlces are given in table 2

Insert table 2 about here



Discussion

On the basis of thé'rating‘scale'dafa'thé multi-
dimensional scaling model is to be rejected for abouat half
the Ss.” Almost all Ss violated the model in the pair com=- -
parison experiment. Thé'difference'betWeen'the'rating scale ;
and the pair comparison data may be due to some methodologi-
cal artifact. For example, the rating scale data may containl

"a larger amount of error. .

~As is shown in tables 1 and 2 most of the Ss judge ‘the °
overal diffefeﬁce'to beflafger for thin redtangleé and to
be smaller. for squares. Furthermore, there is no systematic

difference between the subexperiments. Thus the hypothesis -

} regarding context effects is not supported. For most Ss the -
data appear very consistent. For some Ss ali 120 judgments 
of the pair comparisdn experiment are in the ‘same dirédtion,
In a very few casesﬂjudgménts vary in.an irregular manner,ﬂt}

%L‘{fi“; _ e;g; difference judgments being small for squares and thin,l

rectangles and being larger for rectangles in between.

The main result of this study is that the'prediction:
- derived from decbmposébiiity and intradimensibnal sub-
%.ii - tractivity are violated by-most‘of the Ss. Of course it
? is.possible'that the violation of the model was caused
by the Special selection of stimuli and by the fact that =
"not all possible pairs were presented throughout the ex-

_periment;:MQst”probabI&,Ss werefaware'of this and, accbrdingff
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. 1y, some response bias may have been introduced. Un-' |
fortunetely,.there'is no way fo‘cqntfoi response bias in
these'tYPeS'of‘scaling methods, and the multidimensional
- scaling model might hold for the ‘same type’bf'stiﬁuli in

different'expefimentaljconditions;

' Though there Temains the puzzllng result that the
multldlmen51ona1 scaling model was V1olated by stimuli as -
slmple as rectangles varylng 1n area and shape we cannot &
conclude that this will be the case when the model is app11ed
to morz complex stimuli. The: st1mu11 used here are of the-
kind called analyzable by Shepard ’1964) As suggested by
Torgerson (1965) multidimensional scaling models might be'

more approprizte for unitary stimuli.

It is pessible; et'least'i principle, that the model
may be satisfied with the same stimuli but with'thsicaI
variables other than area and shape. Two obv1ous alternatlves
are height and width of rectangles. The unpublished study

mentloned above, however, suggested that area and shape are =

the more relevant dimensions.

After this failure to confirm the model of multidimen-
sional scaling two alternatives’ remain. One is to completely
reject the model'and the other is to modify it. One modifice-ﬂf'
tion that comes to mind is to redefine the psychophysical
functions to include interactions between the'dimensions.v

" But from the point of v1ew of ‘economy such a compllcatlon

of the model seems to be undeslrable.

vy,




 Beals, R., % Krantz, D.H. Metrics and geodesics induced by

TR sl VI AT ey L

References -

order relations. Mathematische Zeitschrift, 1967, 101,
285-298. - |

Beals, R., Krantz, D.H., & Tversky, A. - Foundations of

multidimensional scaling. Psvchological RéView, 1968,

75, 127-142.

Pfanzagl, J. Theory of measurement. Wﬁrzburg: PhYSica, 1968.
Shepard, R.N. Attention and the metriCIStructure of stimulué'
space. Journal of Mathematical Psychology, 1964, 1,

54~87. |

Stevens, S.S. Measurement, psychophysics and utility. In:

Churchman, C.W., & P. Ratoosh (Eds.), Measurement '

definitions and theories. New York: Wiley, 1959, Pp.

18-63.

Torgerson, W.S. Theory and method of scaling. New York:
Wiley, 1958. |
Torgerson, W.S. Multidimensional scaling of similarity.

Psychometrika, 1965, 30, 379-393.":

Tversky, A., & Krantz, D.H. Similarity of schematic faces:

A test of interdimensional additivity. Percégtion ﬁf

Psychophysics, 1969, 5, 124=128.



Table‘1'.

Mean Ratings of Difference and xz'Values

Subject

Stimulus Pair

" 5,10

4,9

1,6

247 3,8
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Table 2 -

Number of Times'Each'StimuluS Pair Was
Preferred. to Any Other Pair and Sums of
- the Pair Comparison Matrices

Subject = - Stimulus Pair

1,6 2,73,8 4,9 5,10

Set (d)vf,= '5

1 o) 14° 24 - 3448 118 =%~
2 - 34°. 28 20 19...19° 43 % -
3 45 26 22 17+ 1o 25 % -
4 1T 12 25 34 .48 118 % -
5. 3° 11 25:. 34°. 47 ¢ 116 %
6 47 - 24 19 17 13" 29 %
70 34° 297 247 18 15 41 =

8 o 12+ 24 36 .. 48 120 %
9" 7+ 18 250 31 '39° 97 %

1o 44 3322 9 12 23 *® -
11 28 2t 20 26 25 . 59

Set (e} ;

-1 o 12- 24 36- . 48 120 *
2 4° 18 28 32 - 38 94 %
3 18 32 32 22 16 52
4 o 17¢v 26 36 41 110 =
5: 24 34 33" 14 15 . 45 %
6 21 18 22- 33 26 73
7. 1o 19° 27 . 29° 35: 87 =
8 2 13 22- 35: 48 117 =
9 9" 17+ 22- 36 36 99 x -

1o 37 22 21t 16 24 47

11 - 2. 19" 25:. 3T 43 103 %

_ Set (£} : g
1 o 13" 25: 34 47 . 118 %
2 30 28 27+ 197 16 S0
3 337 18 26 25. 18 56
4° o 12 24° 36 - 48 120 % -
5 17 13" 26 29 :35: 87 x-
6 . 45 . 29° 19° 160 11 27 %~
7 16 33" 306 25: 16 55
8 ) 12 247 37 47+ 119 %
9" 5: 14" 27. 36 38 102 =
1o 47 - 31T 21 15: 6 = 14 %
11 *®

20 14° 25 29° 32 76
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Figure 1. Stimulus configurations used in sets (a), .° &

(), and (&)L
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